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; 1. FUNDAMENTAL AND DERIVED UNITS
Metrie English
Symbnl
Unit Symbol Unit Symbol
Tengiho___. { mieter_ oo iea .. m foot (or mile)._____ -] ft. (or ml.)
Time._ ... { seconed ree &econd (or hour)______. &ce. (or hr.)
Foree_._.__ F weight of one kilogram. ____ kg wcight of one pound 1b.
Power...... P kefmfsee. oo e horsepower. ceeo oo HP.
Speed {km!hr ............................. mi./hro L. M. P. I,
B ERREEE LI ’ AT S NN T /5CC e f. p.s.

2. GENERAL SYMBOLS, ETC.

W, Weight, =mg
7 Standard acceleralion of gravity =9.80665

mk?, Moment of inertia (indicate axis of the
radius of gyration, k, by proper sub-

mfsec.?=32.1740 ft.see.? seript).
m, Mass = 5, Altcn' ;
- ‘g 8, Wing area, ete. )
‘7, Density (mass per unit volumne). @, Gap.
Standard dcnslt) of dry air, 0.12497 (kg-m™ b,  Span,

sec.?) at 15° C and 760 mm -=0.002378 Qb.-
{t.7* sec.?).
Specific weight of “standard” air,

kg/m?®=0.07051 1b./ft.3

1.2255

¢,  Chord Jength,

bje, Aspect ratio.

% Distance from ¢. g. to elevator hinge.
#,  Coeflicient of viscosity. =

3. ACRODYNAMICAL SYMBOLS

V, Truo air speed.

. . 1
g, Dynamic (or impact) pressure=5 1

L, Lift, absolute coeficient =q£;

< D
D, Drag, absolute coefliciont (5 =28

C, Cross-wind force, absolute coeflicient

- R, R(\sulimb I'nrr‘o (\'nfn”hmt these coeffi-

{

clends are {viee ax
eflicients Lo, 1.
. Angle of cotting f wings (relative to thrust

line).

nrge as the old co-

1. Angle of stabilizer svtting with reference to

thrist lino.r

ami

v, Dihedral angle,
V1 Reynolds Number, where 7 is a lincar
P # dimension,
e.g., for a model airfoil 3 in, chord, 100
mi./hr, nmmul pressure, 0° C: 235 ,000
and at 15° C,, 230,000;
or for a model of 10 em clmrd 40 m/sec,
corresponding numbers are 299,000
and 270,000,
Cp  Center of pressure coeflicient (ratio of
distanee of C. P, from londmf' od"e to
chord length), = e s
8,  Angle of stabilizer setting with referenco
o telowerwing, o Go-i).
a,  Angle of attack, T e,
¢, Angle of downwash, -
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INTRODUCTION

This collection of data on airfoils has been made from the published reports of a number
of the leading aerodynamic Iaboratories of this country and Furope.! The information which
was originally expressed according to the different customs of the several laboratorics is here
presented in a uniform ceries of charts and tables suitable for the use of designing engincers and
for purposes of general reference.

Tt is & well-known fact that the results obtained in different laboratorics, because of their
individual methods of testing, are not strictly comparable even if proper scale corrections for
cize of model and speed of tests are supplied. It is, therefore, unwise to compare 100 closely
the cocfficients of two wing sections tested in different laboratories. Tests of different wing
sections from the same source, however, may he relied on to give true relative values.

The series of airfoils designated N. A. C. A-M1to N. A. C. A-M27 (Reference Nos. 506
to 532) were tested in the variable density wind tunnel of the National Advisory Committeo
for Acronautics at a pressure of approximately 20 atmospheres.

The absolute system of coeflicients has been used, since it is thought by the National Advisory
Committee for Acronautics that this system is the one most suited [or international use and
yet it is one from which a desired transformation can be casily made. For this purpose a set
of transformation constants is given.

Each airfoil section is given a reference number, and the test data are presented in the
form of curves from which the coeflicients can be read with sufficient accuracy for designing
purposes. The dimensions of the profile of each sectjon are given at various stations along the
chord in per cent of the chord, the latter also serving as the datum line. When two sets of
ordinates are necessary, on account of taper in chord or ordinate, those for the maximum section
(at center of span) are given on the individual characteristic sheets, while those for the tip
(dotted) scction are given in scparate tables, page 220. Where the ratio of ordinate to chord
remains constant the onc set of ordinates applies to both center and tip section. The shapo
of the section is also shown with reasonable accuracy to enable one to more clearly visualize
the section under consideration, together with its charncteristies.

The authority for the results here presented is given as the nume of the laboratory at which
the experiments were conducted, with the size of model, wind veloeity, and year of test.

TRANSFORMATION CON STANTS

For the convenience of those who prefer to use system of units other than the absolute
system, there is given below a table of transformation constants based on the standard con-

dition adopted by the National Advisory Committee for Acronauties of—

Temperature =15.6° C. e 60.1° T,
Pressure c: 760 mm Hg, += 20.921n. e,
Humidity = 0.

Gravity . 0.806 myseed = 32,172 ft.)sce!

VA previots catfeetions of airfoil sections 1 to a3 and charts 1ta 12 may be found in N A.C. A. Reports Nos. 93, 14, and 182,
T 191
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thus giving values of specific weight of air
We=:1.223 kg/m?* - 0.07635 Ih/ft?
and of density
p = 0.1247 in the French engineering or kilogram, meter, second system,

Or :

- = 0.00237 in the English or pound, foot, second svstem,
Inwbsolwte wnits..___._____._ . ______. ...~ P CV?p2
Inkg/m? (nysee) oo P-..0625 (17
Inkg/m? ey, .. .o .. I 004822 (12
Indb.fsq. ft. (ftysec). ... ... P--.001180 172
Intb/sq. ft. (mihed oo . P =.002558 (17

Note that these eonstants are half as large as those used in Reports Nos. 93 and 124 and that fhe ahsolute
coefficients used in this report are {wice ag large as the old cocflicients.  (See Report No. 240 regarnding change
in ahbsolute coeflicients.)

INDEX

Three separate types of index are given-- chart indexes which make it possible for a designer

to select the wing section most suitable for the particulur design in which he is interested; n

group index which is arrunged by countries and lnboratories ut which tests were conducted,

each’section also being designated by a reference number; and an alphabetical index.
CHART INDEX

In order that the designer may casily pick out a wing seetion which is suited to the tvpe of
airplane on which he is working, four index charts are given which classify the wings according
to their aerodynamic and structural properties. In the charts of this report a lower-case letter
is placed adjacent to the reference number giving V1 values, so that a comparison ean be made
without referring to the individual drawings. In this value T’ represents wind velocity in feet
per second and 7 a linear dimension, the chord, in feet.

In chart No. 13 the minimum drag, (', is plotted against the LD at one-fourth the maxi-
mum lift, €. This chart should be used in choosing a wing section for a high-speed airplane,
the wing sections heing more suited for this use the further they are from the lower left-hand
corner,

In chart No. 14 the mean spar depth is plotted against the maximum lift, Cr, i oorder fo
show the possible strength and lightness of the wing stracture.  The higher the maximum 1ift
cocflicient is the smaller will be the wing area and the lighter the structural weight, and in the
same way the greater the depth of the spars the lighter will be their weight, so that the see-
tions the greatest distance from the lower left-hand corner will give the lightest and strongest
wings. The “mean spar depth” is obtained by assuming the spars to be located respectively
at 15 and 60 per cent of the chord, and by dividing the sum of their thicknesses by 2. Tn the
case of sections tapered in ordinate, or chord, or both, the mean spar depth of the maximum
section (section at center of span) is tuken in per cent of the constant chord for the ordinate
taper, and of the mean chord for the chord taper although accompanied, in certain airfoils,
with an ordinate taper.

In chart No. 15 the maximum, L1, ix plotted against the maximum lift, (', which is of use
in choosing the wing section for a slow and efficient airplane.  In the same way as before the
sections farthest from the lower left-hand corner are the hest for this purpaese,

In chart No. 16 the LD at two-thirds the maximum lift, (4, is plotted against the maxi-
mum lift, C..  This chart ean be used for choosing a =ection that will give an eflicient ¢limb or
a long range at cruising speed. The best sectjons for this purpose will be furthest from the
lower left-hand corner of the chart.
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CHART INDEX

Chart No. 13. Minimumn, drag, Cp, plotted against L/D at one-fourth the maximum lift, €, . __
Chart No. 11, Mean spar depth plotted against (lie maximum lift, ¢ _
Chart No. 15. Maximum L/ D plotied against maximum 1, ¢y

Chart No, 16, /D ut two-thirds the maximum lift, ¢y, plotied age
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Positive directions of axes nnd angles (forces and moments) are shown by arrows
Axis Moment about axisg Angle Velocities
e Force |
(parallel Lirear
. Sym- l"'_ A1) Designa- | Sym- Pusitive Designa- | Sym- ] (compo-
Designation Ll}ml symbol tion bol dircelion lion bol [nentalong Angular
axis)
Tongitudinal ..} X X rolling_____ L Y—— 7 | roll.__.__ L u ?
Pateral ... Y Y pitching....| M J——— X | pitch..... 0 v g
Nurmal. ... Z 7z yawing..... N XNe— =} fyaw_____ ¥ w r
Absolute coeflicients of moment Angle of set of control surface (relative to neu-
T, b N tral position), 8.  (Indicate surface by proper
Cpeeyl o Chypoe o Opmelty i
qb geS Y gfS subseript.)
4. PROI'CLLER SYMBOLS
D, Diameter, ' T, Thrust.
Pe Dlective pitch Q, Torque.
o Mean geometric pitch, P, Power,
7. Standard piteh, (If “cocflicients” are introduced all
Pe Aero thrust. units used must be consistent.)
Ps. 7Zoro {orque. 7, Lfficiency =T V/P.
. D, Pitch ratio, n, Revolutions per sec,, 1. p. s.

AL

17, Tntlow velocity.

&, Revolutions per minute., R, P, M,
V. Shp etream velocity.

®, Effective helix angle=tan-! ~Y—-)

.

2arn

5. NUMFRICAL RELATIONS

PP oot Lz mifsee. =550 b, It fsec, 1 Ib, = 04553024277 kg.
1 Ke/m/see. o 001315 1IP, 1 kg =2.2016224 1b,
Vit hies o BIT0 e, I nu. 100925 m- 5280 ft.,
I ni/sec. = 2,25003 mi/hr, 1 m=3.2803353 ft.
Y/
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